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he rise in life expectancy and the spread of microsurgical 
ractices have led to an increase in the number of elderly 
atients who undergo reconstructive microsurgery. 
Whether microsurgical procedures are safe in elderly 
atients is still debatable, and there is no agreement on 
ow to define when a person can be temporally defined as 
lderly. The literature suggests that the chronological age 
tself is not statistically related to postsurgical complica- 
ions. A higher rate of systemic complications but a similar 
ate of surgical complications and flap survival are gener- 
lly reported, but no conclusive evidence exists to provide 
ndications and risk evaluation in elderly patients. 1–5 
No standard or specific tools to evaluate the risk of 
omplications of microsurgical procedures in the elderly 
atients exist. Categorization of these patients in accor- 
ance with risk could be useful to refine surgical indications, 2 a, Italy 
ery Unit, Udine, Italy 
taly 
ternal Medicine and Medical Specialties 
 of Medical, Surgical and Experimental 
, Sassari, Italy 
S Istituto Nazionale dei Tumori, Milano, 
of reconstructive microsurgery in elderly patients is still a topic 
e evidence exists that provides indications and risk evaluation
 the Italian Society for Plastic, Reconstructive, and Aesthetic
 is to evaluate the safety and the complication risk of elective
elderly patients as well as to identify patient- or procedure- 
ary aim is to evaluate the predictive role for complications of
utive patients from 18 centers, aged 65 or older, who received
etween April 2018 and April 2019 were prospectively evalu- 
t-related, and outcomes data were recorded and statistically 
ted logistic regression models. 
ncreased risk of complications and a longer hospitalization in
he American Society of Anesthesiologists (ASA) score ≥3 (or
patients > 65 years of age and < 75 years of age who undergo
ical flap. Instead, flap survival did not significantly vary with 
h ASA score ≥3 (or G8 score ≤11) and surgeries that last longer
vival (92.3%) was slightly lower than that commonly reported
icrosurgery in the elderly is generally safe. The ASA score is 
core and equally useful for risk stratification. 
astic, Reconstructive and Aesthetic Surgeons. Published by El- 
mprove perioperative care, and provide more detailed in- 
ormation in the informed consent. Among the many differ- 
nt scores described in the literature for patient and risk 
valuation, we chose to focus on the American Society of 
nesthesiologists (ASA) score and the Geriatric G8 score. 
he ASA score is easy and quick, it is routinely used for pre-
perative patient assessment and thus it is already available 
or all patient candidates for surgery; also, it has been iden- 
ified as one of the main predictors of postoperative com- 
lications in elderly patients. 6 The Geriatric 8 (G8) score, 
lthough longer and not routinely used for presurgery eval- 
ation, is specifically designed for elderly patients; it has 
lready been used for the evaluation of preoperative frailty 
n elderly patients and was found to correlate with postop- 
rative outcomes and quality of life. 7 , 8 
In this paper, we present a multicentric prospective 
tudy of elderly patients undergoing a reconstructive pro- 
edure with a free flap. The Italian Society for Plastic, 
econstructive, and Aesthetic Surgery (SICPRE) among the 
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ain 18 Italian centers for reconstructive microsurgery 
romoted the study. 
The primary aims were to evaluate the safety of surgery 
ith respect to both systemic and flap-related complica- 
ions and to identify patient- or procedure-related risk fac- 
ors. The complication risk related to age subgroups among 
lderly patients was specifically evaluated. The secondary 
im was to evaluate the predictive role for complications 
f the G8 score, which is specifically designed for elderly 
eople. 
aterials and methods 
e present a prospective cohort study performed according 
o the Strengthening the Reporting of Observational Studies 
n Epidemiology (STROBE) statement. The study was per- 
ormed in accordance with the Declaration of Helsinki; a 
ritten informed consent from each patient was obtained. 
nclusion criteria included patients aged 65 years or older 
ho underwent elective reconstructive surgery with free 
aps. No patient was excluded based on comorbidities or 
ype of elective procedure. A total of 194 consecutive pa- 
ients from 18 centers were recruited between April 2018 
nd April 2019. The minimum follow-up was 3 months, and 
he following data were recorded for each patient: Figure 2 Distribution of 
3 - patient-related data: age, gender, smoking habit, ASA 
code, G8 score, diagnosis, and defect site; 
- treatment-related data: primary/secondary/tertiary re- 
construction, election/emergency procedure, type, and 
length of the procedure; and 
- outcomes data: duration of hospitalization, flap sur- 
vival, complications (evaluated through the Clavien- 
Dindo classification) 9 ( Table 1 ) one month after surgery, 
and flap survival. 
tatistical analysis 
hree different logistic models were explored by using the 
ollowing dependent variables: Clavien-Dindo grade greater 
han I; hospitalization over 14 days; and flap survival. The 
roposed logistic regression models included all the possi- 
le combinations up to a four order term for interactions 
mong the following independent variables: diagnosis, site 
f the defect, type of procedure; sex, age, and smoking 
abits were treated as potential confounders. ASA and G8 
ere alternatively considered in the multiple logistic mod- 
ls, with a stepwise selection of variables with a p-value < 
.10. P-value was set at p < 0.05. 
esults 
lap survival in the whole study group was 92.3%. Clavien- 
indo grade ( Table 1 ) was I or II for most patients (137;
0.6%). Detailed data on the characteristics of the study 
opulation and association with the Clavien-Dindo grade are 
eported in Table 2 . 
The results of the multiple logistic regression models are 
resented in Table 3 . Clavien-Dindo grade ≥ II associated 
ith age ≥75 years, documenting a + 22% excess of risk as 
ompared to a younger age, both when considering the ASA 
 ≥ 3) or the G8 score ( ≤11), alternatively. Clavien-Dindo 
rade alone, irrespective of age, was not associated with 
 higher ASA score or with a lower G8 score, although this 
atter combination approached statistical significance for a 
light increase in risk. age by flap survival. 
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Table 1 Clavien-Dindo Classification of Surgical Complications 
Grade Definition 
Grade I Any deviation from the normal course without the need for pharmacological treatment or surgical, 
endoscopic, and radiological interventions@@@Allowed therapeutic regimens are: drugs as antiemetics, 
antipyretics, analgesics, diuretics, electrolytes, and physiotherapy. This grade also includes wound 
infections opened at the bedside 
Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications@@@Blood transfusions and total parenteral nutrition are also included 
Grade III Requiring surgical, endoscopic, or radiological intervention 
III a Intervention not under general anesthesia 
III b Intervention under general anesthesia 
Grade IV Life-threatening complication (including CNS complications) ∗ requiring IC/ICU management 
IV a Single organ dysfunction (including dialysis) 
IV b Multiorgan dysfunction 
Grade V Death of a patient 
∗ Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks. 




































































Increased length of hospitalization (greater than 14 
ays) was also associated with patients aged 75 years or 
lder, both when considering the ASA or the G8 score, with 
n increased risk of longer hospitalization of 15%; sec- 
ndary/tertiary reconstruction of the upper limb increased 
his risk by 62% irrespective of age, both when considering 
he ASA or the G8 score. Length of hospitalization alone was 
ot associated with a higher ASA or with a lower G8 score. 
Flap loss was associated with the length of surgery 
risk + 45% if surgery was longer than 8 h), both when in- 
luding ASA score or G8 score. 
The G8 score inversely decreased through the ASA score, 
ith a significant association between G8 score ≤11 or > 11 
nd ASA “1-2” or “3-4” ( Fig. 1 ). 
iscussion 
ur study revealed an increased risk for complications and 
onger hospitalizations for patients aged ≥75 years, with 
SA 3 or more (or with G8 score ≤11) as compared to pa- 
ients > 65 and < 75 years old undergoing reconstruction 
ith a free flap. Instead, flap survival did not significantly 
ary with age ( Fig. 2 ), but was only associated with ASA 3
r more (or G8 score ≤11) and length of surgery (over 8 
). However, flap survival was slightly lower than that com- 
only reported for the general population (92.3%), and was 
sually reported in the range (94-99.2%). 10 Also, the study 
xposed that ASA is an easy and effective tool for risk eval- 
ation, while the G8 score showed no superior predictive 
ole. 
In our series, the severity of complications evaluated 
y the Clavien-Dindo grade was associated with ASA 3 or 
ore (or with G8 score ≤11) in patients ≥75 years; these 
ata indicate a subgroup of patients at risk for more severe 
omplications, which could be used to refine preoperative 
isk evaluation and treatment plan. In patients < 75 years, 
SA or G8 scores were not associated with a statistical 
ncreased risk for complications, but only with borderline 4 -values, which however, could prove to be different in a 
arger sample of patients. 
We compared the predictive role for complications of the 
8 and the ASA scores. The predictive power of the G8 score 
as comparable to the ASA score, which is faster to calcu- 
ate and already available for patients who undergo surgery 
nder general anesthesia. Thus, we do not recommend the 
outine use of the G8 score as it does not add useful data
or the graduation of the complication risk. 
The cut-off for defining a patient as elderly varies sig- 
ificantly among studies, ranging from 60 to 70 years 
ld. 2 , 3 , 10 , 11 Defining a cut-off is challenging because general 
onditions and comorbidities may vary significantly among 
atients of the same chronological age. 
In general, increased age has been perceived as a rel- 
tive contraindication to microvascular free flap surgery. 12 
everal authors 13–17 advocate a similar rate of overall com- 
lications; some authors have shown that age is an indepen- 
ent factor related to medical or surgical complications, 
rolonged hospital stay, and mortality. 13 , 18 , 19 In contrast, 
thers reported no significant difference in postoperative 
omplications in patients aged > 70 years and in patients 
ged 70-79 years as compared to those aged 80 years or 
lder. 11 , 20 
In our study, we set the cut-off age at 65 years, which 
orresponds to the retirement age in Italy. The U.S. Na- 
ional Institute of Aging and National Institute of Health 
urther distinguishes 3 different subgroups: (1) the “young 
ld,” between 65 and 74 years; (2) the “older old,” be- 
ween 75 and 85 years; and (3) the “oldest old,” over 85 
ears. 21 Our data support a predictive role of complications 
or this subgroup classification and indicates that patients in 
he “young old” group are at a lower risk for complications, 
nd that risk evaluation can be refined by the evaluation of 
eneral health through the ASA or the G8 score. 
The ASA score is the most commonly used evaluation de- 
pite its interobserver variability. Elderly patients tend to 
ave more comorbidities and higher ASA scores, 1 , 3 , 13 , 15 , 22 
hich have been associated with an overall increase of 
omplication rates. 13 , 14 , 17 , 22–26 With regard to the type of 
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Table 2 Characteristics of the 194 patients recruited in the study, by Clavien-Dindo grade (0-I, II-III, and IV-V) 
0-I 
(n = 84) 
II-III 
(n = 95) 
IV-V 
(n = 15) 
Total 
(n = 194) 
Gender 
M 48 (57.1%) 51 (53.7%) 9 (60.0%) 108 (55.7%) 
F 36 (42.9%) 44 (46.3%) 6 (40.0%) 86 (44.3%) 
Age (years) 
Mean (SD) 71.6 (6.62) 74.5 (6.60) 76.3 (7.60) 73.4 (6.84) 
Median [Min, Max] 70.0 [65.0, 95.0] 74.0 [65.0, 94.0] 75.0 [67.0, 97.0] 72.0 [65.0, 97.0] 
Smoking habit 
Yes 15 (17.9%) 18 (18.9%) 2 (13.3%) 35 (18.0%) 
No 44 (52.4%) 57 (60.0%) 6 (40.0%) 107 (55.2%) 
Former 25 (29.8%) 20 (21.1%) 7 (46.7%) 52 (26.8%) 
ASA code 
1 1 (1.2%) 0 (0%) 0 (0%) 1 (0.5%) 
2 55 (65.5%) 56 (58.9%) 1 (6.7%) 112 (57.7%) 
3 27 (32.1%) 39 (41.1%) 12 (80.0%) 78 (40.2%) 
4 1 (1.2%) 0 (0%) 2 (13.3%) 3 (1.5%) 
G8 score 
Mean (SD) 12.4 (2.68) 11.6 (2.85) 9.83 (4.02) 11.8 (2.95) 
Diagnosis 
Trauma 3 (3.6%) 5 (5.3%) 0 (0%) 8 (4.1%) 
Oncological 74 (88.1%) 84 (88.4%) 14 (93.3%) 172 (88.7%) 
Other 6 (7.1%) 6 (6.3%) 1 (6.7%) 13 (6.7%) 
Missing 1 (1.2%) 0 (0%) 0 (0%) 1 (0.5%) 
Site of the defect 
Head & neck (except oral cavity) 19 (22.6%) 16 (16.8%) 4 (26.7%) 39 (20.1%) 
Oral cavity 49 (58.3%) 60 (63.2%) 8 (53.3%) 117 (60.3%) 
Upper limb 2 (2.4%) 3 (3.2%) 0 (0%) 5 (2.6%) 
Breast 9 (10.7%) 7 (7.4%) 1 (6.7%) 17 (8.8%) 
Abdomen 0 (0%) 0 (0%) 1 (6.7%) 1 (0.5%) 
Lower limb 5 (6.0%) 9 (9.5%) 1 (6.7%) 15 (7.7%) 
Type of flap 
ALT 48 (57.1%) 43 (45.3%) 7 (46.7%) 98 (50.5%) 
Radial forearm 8 (9.5%) 18 (18.9%) 1 (6.7%) 27 (13.9%) 
DIEP 9 (10.7%) 7 (7.4%) 1 (6.7%) 17 (8.8%) 
Gracilis 1 (1.2%) 0 (0%) 0 (0%) 1 (0.5%) 
LD 2 (2.4%) 5 (5.3%) 3 (20.0%) 10 (5.2%) 
Fibula 13 (15.5%) 18 (18.9%) 3 (20.0%) 34 (17.5%) 
SCIP 1 (1.2%) 0 (0%) 0 (0%) 1 (0.5%) 
Other 2 (2.4%) 4 (4.2%) 0 (0%) 6 (3.1%) 
Associated oncological resection 
No 54 (64.3%) 69 (72.6%) 15 (100.0%) 138 (71.1%) 
Yes 30 (35.7%) 26 (27.4%) 0 (0%) 56 (28.9%) 
Reconstruction 
Primary 75 (89.3%) 84 (88.4%) 13 (86.7%) 172 (88.7%) 
Secondary or tertiary 9 (10.7%) 11 (11.6%) 2 (13.3%) 22 (11.3%) 
Length of surgery (min) 
Mean (SD) 481 (154) 514 (149) 519 (186) 500 (154) 
Length of hospitalization (days) 
Mean (SD) 14.9 (7.27) 26.3 (18.5) 37.7 (22.5) 22.3 (16.7) 
Flap survival 
No 1 (1.2%) 11 (11.6%) 3 (20.0%) 15 (7.7%) 
Yes 83 (98.8%) 84 (88.4%) 12 (80.0%) 179 (92.3%) 
5 
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Table 3 Multiple logistic regression models on factors associated (p < 0.05) with complications (Clavien-Dindo > I), prolonged 
hospitalization or flap loss, including ASA code or G8 score, alternatively. Only significant variables are reported. Age, sec- 
ondary/tertiary reconstruction and length of surgery were significant risk factors only in patients with ASA ≥ 3 or G8 ≤11. 
Evaluation 
scores 
Risk factors Clavien-Dindo > I Length of hospitalization > 14 days Flap loss 
OR [95% CI] p-value OR [95% CI] p-value OR [95% CI] p-value 
ASA code ASA ≥ 3 – – – – 1.21 
[1.06–1.37] 
0.005 ∗
Age ≥ 75 1.22 
[1.07 – 1.41] 
0.007 ∗ 1.15 [1.07–1.24] < 0.001 ∗ – –
Upper limb & 
Secondary/Tertiary 
reconstruction 
– – 1.62 [1.13–2.32] 0.010 ∗ – –
Length of surgery 
≥ 480 min 
– – – – 1.45 
[1.28–1.65] 
< 0.001 ∗
G8 score G8 ≤11 - - – – 1.20 
[1.05–1.37] 
0.007 ∗
Age ≥ 75 1.22 
[1.06 –1.40] 
0.007 ∗ 1.15 [1.07–1.25] < 0.001 ∗ – –
Upper limb and 
Secondary/Tertiary 
Reconstruction 
– – 1.63 [1.13–2.34] 0.009 ∗ – –
Length of surgery 
≥ 480 min 



























































urgery, in our series, we observed that elderly patients 
ere more likely to undergo a microsurgical flap transfer 
or postoncological reconstruction of the head and neck 
rea, an observation Hwang et. al. and Sierakowski et al. 
lso made. 3 , 20 Moreover, these patients are more likely to 
ave a positive history of smoking habits and multiple co- 
orbidities, which could also justify the lower flap survival 
92.3% in our study), as has been pointed out in previous 
tudies. 2 , 11 , 13 Of note, our study indicates that tumor re- 
oval at the time of reconstruction was not associated with 
n increased risk for complications. 
Length of surgery also contributes to an increase in the 
isk of complications. In our study, surgery longer than 8 h 
ignificantly increased (by 45%) the risk of flap loss if ASA ≤3 
r G8 ≤11. Its predictive role is still debated in medical lit- 
rature: while some authors report no association between 
ncreased surgical operation time and either postoperative 
urgical procedures 13 , 27 or medical complications. 16 , 28 Ben- 
amin et. al. identified it as the only independent risk factor 
or developing postoperative hematoma requiring surgical 
evision. 24 
Other risk factors, such as diagnosis (oncologic/post- 
raumatic), concomitant oncological resection, and type of 
ap, were not associated with increased complications in 
ogistic regression analysis. 
The data also provide a general description of recon- 
tructive microsurgery in the elderly in Italy, which is mainly 
erformed for oncological reasons (88.7%) and mostly in the 
ral cavity and head and neck district (80.4%). The ALT was 
y far the most used flap (50.5%), while the radial forearm 
ccounted only for 13.9% of cases. 
Increased length of hospitalization was associated with 
atients ≥75 years, both when the ASA or the G8 score 
ith an increased risk of longer hospitalization of 15% was 6 onsidered. The literature is controversial with respect 
o the length of hospitalization: some authors report an 
ssociation between increasing age 10 , 12 , 13 , 19 , 29–31 and in- 
reased average hospital length of stay 12 , 13 , 19 , 31 while oth- 
rs report no significant variation with increasing age. 10 , 29 , 30 
Data on the effect of age on mortality risk are also con- 
roversial. Several authors reported no significant correla- 
ion between increasing age and mortality, 4 , 5 , 8 , 32 while oth- 
rs claim a statistically significant association of age with an 
ncreased perioperative mortality rate. 1 , 3 , 11 , 13 In our series, 
he overall mortality rate was 2% (4/194 patients). We did 
ot perform a statistical analysis of the mortality risk due to 
he extremely small number of deaths. However, the mor- 
ality rate was higher in patients aged ≥75 years than that 
f patients < 75 years of age in our series (3.0% vs 1.5%).
ortality was also higher in ASA 3-4 patient subgroups (3.8% 
nd 33.3%, respectively, vs 0% in ASA 1 and 2 subgroups) and 
n patients with G8 score ≤11 (7.8% vs 0% if G8 score > 11).
lso, all deaths occurred after head and neck (including oral 
avity) surgery (2.56%). 
A limitation of this study is the lack of a control group 
ith younger patients. Also, only elective cases were in- 
luded in the series. Nevertheless, the study showed that 
icrosurgery on the elderly is generally safe, and the study 
dentified risk factors for complications, prolonged hospital- 
zation, and flap loss. 
onclusions 
econstructive microsurgery in the elderly is generally safe. 
atients aged ≥75 years with an ASA score of 3 or more (or
ith a G8 score ≤11) are at increased risk for complications 
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valuated through the Clavien-Dindo Grade and for longer 
eriods of hospitalization. 
Flap survival does not significantly vary with age, but is 
ssociated with ASA 3 or more (or G8 score ≤11) and pro- 
onged length of surgery. 
The ASA score is easier and quicker to determine than 
he G8 score and equally useful for risk stratification. 
unding 
one. 
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